We develop a growth model where knowledge is embodied in individuals and diffused across sectors through labor mobility. The existence of labor mobility costs constrains mobility and thus generates labor misallocation. Different levels of labor misallocation imply different levels of exploitation of available knowledge and therefore different total factor productivity across countries. We derive a positive relationship between growth and labor mobility, which is consistent with the empirical evidence, by assuming aggregate constant returns to capital. We also analyze the short-and long-run effects of labor mobility costs in the case of decreasing returns to capital. It turns out that changes in mobility costs have larger economic effects when different types of workers have small rather than large complementarities. Finally, we show that different labor income taxes or labor market tightness imply different rates of labor mobility and therefore can explain differences in Gross Domestic Product across countries.
INTRODUCTION
The empirical growth literature has established that cross-country differences in income per capita cannot be accounted for only by differences in the accumulation of production factors [see McGrattan and Schmitz (1999) and Parente and Prescott (2004) ]. Several authors argue that income per capita disparities are mainly explained by differences in total factor productivity (TFP), which are often considered to be the result of differences in the misallocation of inputs [see Klenow and Rodriguez-Clare (1997) ; Prescott (1998); and Hall and Jones (1999) ]. Hsieh and Klenow (2009) corroborate the importance of input misallocation in explaining TFP. They find that reducing labor and capital misallocation in China and India to the U.S. level would increase their TFP by 30% to 50% in China and by 40% to 60% in India. 1 The literature has mainly centered on the effects of the joint misallocation of inputs on industry dynamics [see Lagos (2006) ; Restuccia and Rogerson (2008) ; Klenow (2009, 2010) ; Poschke (2009) ; Barseghyan and DiCecio (2011) ; or Moscoso Boedo and Mukoyama (2012) , among many others). The existence of firm entry costs, for instance, lowers aggregate TFP by keeping low-productivity firms in the market. Instead, Banerjee and Moll (2010) and Fernald and Neiman (2011) focus on the effects of the misallocation of capital.
In this paper, we contribute to the literature on input misallocation by developing a growth model where knowledge is embodied in individuals and diffused across sectors through labor mobility. 2 The existence of labor mobility costs constrains mobility and, thus, generates labor misallocation. Thus, different levels of labor misallocation imply different levels of exploitation of available knowledge and, therefore, different TFP across countries.
In the labor economics literature, worker reallocation occurs mainly for two reasons. On one hand, frictions in the labor market create mismatches. This gives incentives to workers to change jobs in order to improve their matches and, consequently, their wages. Therefore, labor mobility is associated with higher productivity in these models [see Jovanovic and Moffit (1990) ]. On the other hand, shifts in sectoral labor demand may force individuals to change sectors, which usually involves a loss of sector-specific human capital, and therefore, a potential productivity loss [see Moscarini (2001) ]. Shifts in labor demand might be due to preference shocks, business cycle shocks, or technology shocks [see Rogerson (1987) and Dixit and Rob (1994) ]. In contrast, in our model, worker reallocation is explained by the complementarity between different types of workers and the dynamics of sector-specific knowledge, which is based on a continuous process of sector-specific learning. These two elements generate worker reallocation even in the absence of frictions and shifts in the sectoral labor demand.
We assume that workers are heterogeneous and not perfect substitutes. 3 Worker heterogeneity is a consequence of sector-specific learning-by-doing. As mentioned previously, knowledge is diffused across sectors through labor mobility, which is constrained by labor mobility costs. We assume that these costs arise only when firms hire workers from a different sector. 4 These costs may represent training costs of hiring workers from other sectors, productivity loss when knowledge is sector-specific, higher hiring or search costs of hiring in a different sector, reallocation expenses, or time-consuming labor mobility. More generally, they could embody institutional factors such as labor market regulations and the existence of unions. Obviously, these mobility costs directly affect firms' hiring decisions. Thus, differences in labor mobility costs imply different levels of exploitation of available knowledge and, therefore, different productivity growth across countries. The purpose of this paper is to study the effects of mobility costs on Gross Domestic Product (GDP). Table 1 reports a measure of labor mobility, GDP per capita level, and GDP per capita growth for nine 5 European countries and the United States in the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . 6 We can distinguish between three groups of countries according to their labor mobility level. At one end, Portugal, Spain, Belgium, France, and Italy have a very immobile labor force, with less than one out of ten employees Sources: Data on labor mobility from Jolivet et al. (2006) [(% of job-to-job mobility in a 3 year spell/ % of nonmobile workers in a 3-year spell)×100] and on GDP per capita and GDP growth from Penn World Table 7 .1 [Heston et al. (2012) ].
changing jobs in a three-year spell. At the other end, the United Kingdom and Denmark are highly mobile, with at least one out of five employees changing jobs in a three-year spell. In between, there are the United States, the Netherlands, and Germany. The correlation between labor mobility and GDP growth is 0.52 and the coefficient of labor mobility on GDP growth controlling for initial GDP level is positive and significant (adjusted R 2 is close to 15%). We build on the seminal paper of Arrow (1962) , where learning-by-doing is the main determinant of firms' productivity growth. Arrow assumes that knowledge learned in a firm gets freely and instantly spread to the whole economy. However, the assumption of instant diffusion and utilization of new knowledge across all sectors seems unrealistic. We assume instead that diffusion of knowledge across sectors is costly and requires channels of transmission. In particular, we assume that firms learn by hiring workers from other sectors (learning-by-hiring). Moreover, we assume that productivity increases with the exchange of knowledge by introducing complementarities among different types of workers.
7 Hence, hiring decisions (and, thus, worker mobility) affect knowledge exploitation and the TFP.
As in Arrow (1962) , the learning in one sector is a function of the investment made last period in that sector. As a result, the productivity (or embodied knowledge) of a worker hired from a particular sector is directly related to the accumulated stock of physical capital in that sector. Hence, we distinguish among types of workers by the sectors in which they have been employed. Moreover, the possibility of learning-by-hiring allows for different degrees of substitution among the different worker types, which we include by defining the labor input as a constant-elasticity-of-substitution (CES) aggregator of the different workers.
We consider two scenarios. In the first scenario, we assume aggregate constant returns to capital so that endogenous growth arises, as in Arrow (1962) . The equilibrium does not exhibit transition, and consumption, capital, and GDP grow at the same constant rate, whereas labor mobility is constant. We show that higher mobility costs imply both lower labor mobility and lower GDP growth, which explains the empirical evidence reported in Table 1 . We illustrate these results numerically, finding that differences in labor mobility costs can explain up to 53% of differences in growth rates. Therefore, our model suggests that cross-country differences in GDP growth rates can be explained partially by labor misallocation due to differences in labor mobility costs.
Because each sector is identified with a type of knowledge, we also find that the number of sectors affects growth. We distinguish two different effects. On one hand, an increase in the number of sectors directly raises TFP. On the other hand, it reduces the number of workers of each type and, therefore, reduces TFP. The trade-off between these two effects depends on the ease with which one worker can substitute for another and, therefore, is driven by the elasticity of substitution between them. When workers are highly complementary, the negative effect dominates and an increase in the number of sectors reduces the GDP growth rate. The opposite happens when workers are easily substitutable.
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In the second scenario, we assume aggregate decreasing returns to capital, implying exogenous growth and nonconstant labor mobility during the transition. In this scenario, not only the standard decreasing returns to capital but also learningby-hiring drives the transition. The equilibrium is unique and converges to a steady state where both labor mobility and GDP remain constant. We show that a permanent reduction in labor mobility costs causes a permanent increase in labor mobility, TFP, and income per capita. The effects are much larger when workers are easily substitutable. In this case, firms more frequently replace workers from their own sector with workers from another sector, so that a reduction in the labor mobility cost causes a greater increase in the long-run level of GDP.
We conclude that labor mobility costs, by causing labor misallocation, explain differences in income per capita across countries. Thus, a crucial issue is to explain the sources of differences in labor mobility costs across countries. 9 To this end, we further the understanding of mobility costs through the analysis of two wellknown economic issues: labor income taxes and labor search costs. We show that differences in either taxes or search costs can explain differences in labor mobility across countries and, therefore, in their income per capita. In particular, labor income taxes amplify the distortion generated by labor mobility costs and, thus, indirectly affect TFP through labor mobility. As a result, labor income taxes not only reduce employment, as shown in Prescott (2004) , but also reduce TFP.
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When considering labor search costs, we show that vacancy costs amplify labor mobility costs and, thus, indirectly affect TFP. But, as they are a type of mobility cost, they directly affect TFP even in the absence of other mobility costs.
11 We find that countries with high labor market tightness suffer a larger GDP reduction because of an increase in mobility costs than countries with low market tightness.
The paper is organized as follows. In Sections 2 and 3 we describe the model and derive the equilibrium, respectively. In Section 4 we analyze the scenario with constant aggregate returns to capital, which is directly comparable to Arrow (1962) . In Section 5 we study the effects of labor mobility on the transitional dynamics of an otherwise standard Ramsey-Cass-Koopmans model. We expand the discussion on mobility costs in Section 6, where the role of labor income taxes and search costs is analyzed. Finally, we conclude in Section 7. All the proofs are in the Appendices.
THE MODEL
Consider a continuous-time economy with a perfectly competitive final goods sector and a continuum of intermediate sectors with a constant measure S. The technology in the final goods sector is defined by the following CES production function:
where Y denotes final goods production, Y i is the amount of intermediate goods of sector i used in the production of the final good, and the elasticity of substitution between two intermediate goods is measured by 1/ (1 − μ) , with μ ≤ 1. Note that this production function does not exhibit scale effects. Any final goods firm solves the following profit maximization problem: 
Intermediate goods sectors use labor and physical capital as inputs. Workers are infinitely lived and in each period learn the knowledge of the sector in which they are employed without any cost (learning-by-doing). Firms are interested in the knowledge a worker has learned in the last period. Therefore, we distinguish among types of worker by the sectors in which they have been employed last period. This assumption implies that workers have the same sector-specific knowledge after working one period in the same sector. Following Arrow (1962) , knowledge of sector i is related to the stock of capital in that sector. In particular, we assume that the knowledge of sector i coincides with the average per-worker stock of physical capital in that sector, k i . 13 Because learning is embodied in workers, it is not internalized by firms when they make their own investment decisions.
14 However, the amount of knowledge accumulated by each type of worker is a determinant of the hiring decisions of the firm. In fact, by hiring workers from other sectors, firms learn from the investment decisions made in other sectors. Denote by λ j i the number of workers from sector j that are hired in sector i. As stated earlier, they have embodied knowledge of sector j , k j . We call them poached workers.
Similarly, let η i be the number of workers from sector i hired by the same sector i, who have knowledge of sector i, k i . We call them retained workers.
There is a continuum of firms of measure 1 in each sector. We assume that the production function of a firm of sector i is
where K i is the stock of physical capital, ξ ∈ [0, 1] measures the return from learning, 1/ (1 − σ ) ≥ 0 is the elasticity of substitution among different types of worker, with σ ≤ 1 and σ = 0, and α ∈ (0, 1) measures the labor income share. The parameter q ≥ 0 measures the ability of learning-by-hiring from other sectors and φ ∈ (0, 1/ξ ] measures the differences in the return from learning between poaching and retaining. We also assume that φ ≤ 1/ξ to have nonincreasing returns to capital at the aggregate level.
The production function (3) can be rewritten as
, where N i is the number of workers and the variable
is the standard measure of TFP. When q = 0, external knowledge is not productive, so that there is no labor mobility (η i = N i and λ j i = 0) and ψ i =k αξ i . In this case, ψ i increases with the capital stock as in the seminal papers of the endogenous growth literature [see Arrow (1962) ; Romer (1986) ; Barro (1990); and Rebelo (1991) , among many others]. In contrast, when q > 0, the TFP depends on the hiring decisions and, specifically, on the ability both to retain workers and to hire workers from other sectors. This introduces a relevant difference: firms change their TFP when they choose between retaining and poaching.
Firms maximize profits in a perfectly competitive market; i.e., (3) and (4), where r is the rental cost of capital, δ ∈ (0, 1) is the depreciation rate, w j i is the salary paid in sector i to workers poached from sector j , and w i i is the salary paid in sector i to the retained workers. 15 The first-order conditions with respect to η i , λ j i , and K i are
where (5) and (6) We assume that switching among sectors is costly and that these mobility costs are proportional to the wage. 16 Because any poached worker has to pay these mobility costs, in order to hire an external worker, the firm has to pay her at least the same wage as in the worker's initial firm plus mobility costs, i.e.,
where m − 1 > 0 measures mobility costs as a percentage of the wage. These labor mobility costs introduce an inefficiency into the labor market: the marginal productivity of a worker does not equalize across sectors, thereby giving rise to labor misallocation. Perfect competition implies that (8) holds with equality, i.e., w j i = mw j j for all j = i. In fact, the labor income net of mobility costs obtained by a poached worker is w j j . This implies that the net labor income w j j does not depend on the sector in which a worker is employed, but on the sector in which she was employed during the last period, as this determines the worker's specific knowledge.
The economy is populated by a large family of N members. Population size is constant and each member supplies inelastically one unit of labor. Thus, the family labor income net of mobility cost is
This labor income can either be consumed or be invested. Then, the budget constraint of the family is
where C is aggregate consumption and A are financial assets. Each member's utility function is
where c = C/N is individual consumption and 1/θ > 0 measures the intertemporal elasticity of substitution. The family maximizes (9) and (10), where ρ is the subjective discount factor. From this maximization problem, we obtain that the consumption growth rate satisfieṡ
The capital market clearing condition is A = K, where K = S 0 K i di is the aggregate capital stock. The final goods market clearing condition implies that
where Y is GDP and M measures the aggregate mobility costs in units of final goods. In other words, total production is devoted to consumption, investment, and mobility costs. 17 These mobility costs are defined as
Recall that N i denotes total employment in sector i. Thus, the labor demand in this sector is
and the labor market clearing condition implies that
Finally, from (14) and (15), we obtain
EQUILIBRIUM
In this section we characterize the symmetric equilibrium, which is defined as an equilibrium path where all intermediate good sectors produce using the same amount of inputs: . From the production function, we obtain that Y i = Y j for all i and j . Then, using equation (1), we obtain that GDP is Y = SY i and, using equation (2), the price level of the intermediate good is
We measure labor mobility using the ratio between poached and retained workers, x = Sλ/η. Then, in a symmetric equilibrium, the first-order conditions (5), (6), and (7) become
where (17) and (18) hold with equality when η > 0 and λ > 0, respectively. Moreover, the labor market clearing condition (16) implies that
and, from (1), (3), (20), and the definition of ψ, GDP per capita, y = Y/N, is equal to
Finally, combining (12) and (13), and noting thatk =K/N, we obtaiṅ (11) and (22), and satisfies (17)- (21) and the transversality condition lim
We claim that the equilibrium path is interior when the numbers of retained and poached workers are both positive. In this case, (17) and (18) hold with equality and we obtain the following nontrivial expression for labor mobility:
The following proposition characterizes the conditions that make the path of the dynamic equilibrium interior. PROPOSITION 1. When σ < 1, the path of the dynamic equilibrium is interior and labor mobility is measured by (23) , and when σ = 1, the path of the dynamic equilibrium is noninterior and there exists a value of the per capita stock of capital,
This proposition shows that the equilibrium is interior when different types of worker are not perfect substitutes. Table 1 reveals that only a positive fraction of workers are mobile, implying that the relevant case is that of an interior equilibrium (σ < 1). Therefore, hereafter, we allow any degree of substitution between types of worker except for the empirically nonrelevant case of perfect substitution.
When φ = 1, there is a differential return from learning between poaching and retaining. As follows from (23), this differential return implies that capital accumulation causes a substitution effect between the two types of worker and, thus, labor mobility changes as capital accumulates. If φ < 1, as capital increases, the productivity of poached workers decreases with respect to the productivity of retained workers. This drives two different effects: a substitution effect and a production effect. The first effect implies that less productive workers should be replaced by more productive workers, whereas the second effect implies that a larger number of less productive workers should be hired to maintain the level of production. The first effect dominates when workers are highly substitutive (σ > 0) and the second effect dominates when workers are highly complementary (σ < 0). As a result, capital accumulation increases (decreases) labor mobility when the elasticity of substitution is lower (higher) than one. Obviously, the same rationale explains that if φ > 1 then, as capital accumulates, labor mobility increases when σ > 0 and decreases when σ < 0. Equation (23) also shows that labor mobility is proportional to the number of sectors and decreases with the labor mobility cost.
Using (19), (20), (23), and the definition of ψ, the interest rate can be written as
where
Combining (20), (21), and (23), we obtain
and from (17), (21), (23), and the definition of ψ, we have
Using (11) and (24), we obtaiṅ
and substituting (26) and (27) into (22) giveṡ
DEFINITION 2. Assume that σ < 1. Given k 0 , a dynamic interior equilibrium is a path {c, k, x, y} that solves the system of differential equations (28) and (29), and satisfies equations (23) and (26) As follows from (24), on this interior equilibrium path, dynamics is driven by two different forces: the decreasing returns to capital and the learning-byhiring. The first force arises when ξ < 1 and the second when labor mobility is not constant, which requires q > 0 and φ = 1. The properties of the dynamic equilibrium will depend heavily on which of these two sources of transition is active. In this paper, we will consider two very different scenarios. In Section 4, we assume that ξ = φ = 1, which implies that neither of the two forces driving the transition is active. In this case, the equilibrium will exhibit sustained endogenous growth. We use this case to make a direct comparison with the classical endogenous growth models [see Arrow (1962); Romer (1986) ; Rebelo (1991) ]. In Section 5, we assume that ξ < 1, which implies that the equilibrium exhibits a transition driven at least by the diminishing returns to capital, and growth is exogenous. We use this case to study the effects of labor mobility along the transition. 
ENDOGENOUS GROWTH
In this section we characterize the dynamic equilibrium when ξ = 1 and φ = 1. As follows from Proposition 1 and equation (23), when φ = 1, labor mobility is constant and equal to
In this case, both the interest rate and the consumption growth rate are also constant. Moreover, from (26), we obtain that the production function simplifies to
which is an AK function. TFP is measured by h (x * ) k α and it is endogenous, as it depends on labor mobility x * . Finally, as is standard in AK models, the final goods market clearing condition and the transversality condition imply that the equilibrium does not exhibit transition and that capital, consumption, and GDP grow at the same constant rate. PROPOSITION 2. Assume that ξ = 1, φ = 1 and σ < 1. The equilibrium does not exhibit transition, and GDP, capital, and consumption grow at the same rate,
It is worth highlighting that if q = 0 then there is no labor mobility, h (0) = 1, and g = [(1 − α) − δ − ρ] /θ. Thus, the long-run growth rate coincides with the rate obtained in Arrow's economy. In contrast, if q > 0, then labor mobility affects the growth rate through the TFP, as stated in the following proposition. An increase in the mobility cost m reduces labor mobility and, thus, both the TFP and the GDP growth rates decrease. Note that when mobility costs are zero (m = 1), firms are not constrained when hiring and, thus, GDP growth is maximum.
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In this model, an increase in the measure of sectors S also affects the GDP growth rate. This effect is well known in the growth literature [see the growth model based on the variety of products in Romer (1990) , for example]. However, in these models this effect is positive because it is caused by a scale effect. In contrast, we have assumed that there are no scale effects and, therefore, an increase in S affects growth only because it increases labor mobility. We can identify two different forces. On the one hand, an increase in S raises TFP by increasing the number of types of worker. On the other hand, because population size is constant, it reduces the number of workers of each type and, therefore, reduces TFP. The result of these two forces depends on the ease of worker substitution and, therefore, is driven by the elasticity of substitution. When this elasticity of substitution is higher than one, the positive effect dominates and a larger S increases the GDP growth rate. The opposite happens when the elasticity of substitution is lower than one. In this case, workers are highly complementary and higher growth is achieved if there are fewer types of worker and a larger number of workers of each type.
In what follows we illustrate these results numerically. To this end, we fix the value of the parameters as follows: θ = 2 and α = 0.65, implying that the intertemporal elasticity of substitution (IES) is 0.5 and the labor income share equals 65%, respectively. δ = 6.47% and ρ = 0.0176, implying that the annual interest rate equals 5.2% and the growth rate is 1.72%, as indicated in Table 1 . Finally, we set m = 1.5988, σ = −0.1659, and Sq 1/(1−σ ) = 0.2165 to jointly determine the following targets: ratio of capital to GDP equals 3, ratio of consumption to GDP equals 0.7, and the level of labor mobility equals 18%, which is the value of labor mobility in the United States. 21 Note that the value of σ is negative, implying a value of the elasticity of substitution lower than one. This implies that an increase in the number of sectors reduces the growth rate of the economy, as it reduces the number of workers in each sector. Obviously, this negative result is a consequence of the assumed technology without scale effects. Note also that the calibrated measure of mobility costs (60% of annual wage) is consistent with the results of Lee and Wolpin (2006) , who estimate direct mobility costs for the United States to range between 50% and 75% of average annual earnings. Figure 1 illustrates the effects of changing mobility costs on the GDP growth rate according to our model (solid line), together with the actual data and the linear regression (dashed line). An increase in mobility costs causes a reduction in both labor mobility and GDP growth. This positive relationship between growth and labor mobility is consistent with the empirical evidence. Therefore, our model suggests that cross-country differences in GDP growth rates can be partially explained by differences in labor mobility costs. In our numerical exercise, m takes values between 1 (no mobility costs) and 5.7 (mobility costs are 4.7 times the annual wage), implying in the latter case a mobility rate of 6%, close to the mobility rate in Italy, which is the country with the lowest mobility rate in our sample. This range explains up to 53% of the differences in GDP growth rates.
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Therefore, we conclude that labor mobility costs are a potentially relevant source of cross-country differences in growth rates.
EXOGENOUS GROWTH
In this section we analyze the equilibrium when ξ < 1. In this case, the production function exhibits decreasing returns to capital and the economy converges to a steady state where capital and consumption remain constant. The uniqueness of the steady state is guaranteed only when φ ≤ 1. 23 Thus, in what follows we assume that this condition is satisfied. PROPOSITION 4. Assume that ξ < 1, φ ≤ 1, and σ < 1. Then there is a unique and saddlepath-stable steady state.
We must distinguish between the following two cases. When φ = 1, capital accumulation does not change the differential productivity between poached and retained workers and, as a result, labor mobility is constant. In this case, transitional dynamics is driven only by the decreasing returns to capital and, hence, it is identical to the transitional dynamics in the Ramsey-Cass-Koopmans model. In contrast, when φ < 1, two forces drive the transition: decreasing returns to capital and nonconstant labor mobility. In this section, we first numerically compare these two different cases to show the effects of labor mobility on the dynamic equilibrium. And, second, we consider the effects of a reduction in labor mobility costs. We fix the value of the parameters as follows: θ = 2 and α = 0.65, implying an IES of 0.5 and a labor income share of 65%. The annual interest rate equals 5.2%, implying that ρ = 0.052. And δ = 6.47%, implying that the ratio of capital to GDP equals 3. We set the value m = 1.4993, which implies that the ratio of consumption to GDP equals 76%. 24 The value of Sq 1/(1−σ ) is set so that in the long run x = 18%, which is the level of labor mobility in the United States. Finally, ξ = 0.6, implying a speed of convergence equal to 2% when φ = 1. Note that, in contrast to the previous section, the elasticity of substitution among the different types of worker is now a free parameter. In the following we compare the case of workers being complements (σ = −9 and the elasticity of substitution equals 0.1) with the case of workers being substitutes (σ = 0.9 and the elasticity of substitution equals 10). This comparison allows us to ascertain the importance of this elasticity of substitution. Figure 2 shows the transitional dynamics when the initial stock of capital is 50% of its long-run value and the elasticity of substitution among the different types of worker is 0.1 (σ = −9). The continuous, dotted, and dashed lines display the economy when φ = 1, φ = 0.5, and φ = 0, respectively. As mentioned earlier, when φ = 1, the labor mobility rate is constant and, hence, the transitional dynamics is identical to that obtained in the neoclassical growth model without labor mobility, where convergence depends exclusively on the decreasing returns to capital. In the initial periods, the interest rate is high because capital is below its long-run value. High interest rates cause a rapid accumulation of capital, which explains the initially high GDP growth rates. As capital accumulates, the interest rate decreases, which reduces the growth of both capital and GDP. In contrast, when φ < 1, labor mobility is not constant and affects the transitional dynamics of the main economic variables, including the GDP growth rate. As capital increases, the relative productivity of poached workers decreases. But, because poached and retained workers are highly complementary (σ < 0), firms have to increase the number of poached workers to compensate for their lower relative productivity and thus labor mobility increases during the transition. These changes in labor mobility imply a higher interest rate in the initial periods when φ < 1. Obviously, this implies a faster capital accumulation. Indeed, the asymptotic speed of convergence is 2.7% when φ = 0 and 2.4% when φ = 0.5. These speeds of convergence are clearly higher than the speed of convergence when φ = 1. This faster convergence explains why in the initial periods the GDP growth rate is higher when φ < 1 and eventually becomes lower. Figure 3 shows the transitional dynamics when the initial stock of capital is 50% of its long-run value and the elasticity of substitution among the different types of worker is 10 (σ = 0.9), implying that workers are highly substitutable. The transitional dynamics is very similar to that obtained in Figure 2 , and the conclusions from the comparison between the economy with a constant mobility rate and the economy with a nonconstant mobility rate are the same. However, there are two main differences with respect to the transitional dynamics obtained when workers are complementary. First, when poached and retained workers are highly substitutable, firms decrease the number of poached workers during the transition. Note that this implies that the time path of labor mobility is the opposite of the one obtained in Figure 2 . Interestingly, these differences in the transitional dynamics of labor mobility do not cause qualitative differences in the transitional dynamics of the other economic variables, as follows from the comparison between Figures 2 and 3. This happens because labor mobility affects the other economic variables only by changing the TFP and the effects of labor mobility on the TFP depend on the elasticity of substitution: TFP increases with labor mobility if and only if σ > 0, as follows from (25). In Figure 2 , workers are complements (σ < 0) and labor mobility is lower when φ < 1. As σ < 0, the lower labor mobility causes a larger TFP and a larger GDP. In contrast, in Figure 3 , workers are substitutes (σ > 0) and labor mobility is larger when φ < 1. However, as σ > 0, this higher labor mobility causes a larger TFP and a larger GDP. This explains why the time paths of capital, interest rate, and GDP are qualitatively the same in Figures 2 and 3 .
Second, the speed of convergence is higher when workers are highly substitutable. 25 The speed of convergence is 4.4% when φ = 0 and 3.1% when φ = 0.5. This higher speed of convergence when the elasticity of substitution is large is a consequence of a faster change in labor mobility as capital accumulates. Obviously, the faster change in labor mobility causes larger differences in GDP growth between the economy with constant labor mobility (φ = 1) and that with nonconstant labor mobility (φ < 1).
In Figures 4 and 5 , we study the effects of a permanent shock in labor mobility costs, assuming that the economy is initially in a steady state. We analyze the shock of a 20% reduction in mobility costs, which implies a drop of mobility costs from 50% to 40% of annual average income. A reduction in these costs initially increases labor mobility and TFP. As a result, the interest rate initially grows, implying an increase in the stock of capital during the transition. Because capital increases and TFP has jumped, the GDP growth rate initially increases. Decreasing returns to capital imply that both the interest rate and the GDP growth rate decrease as capital increases during the transition. In the long run, the ratio of capital to GDP, the interest rate, and the GDP growth rate converge toward the same steady state values, whereas the levels of labor mobility, capital stock, and GDP converge to higher values. Note that the long-run increase in GDP is a consequence of the rise in both the stock of capital and the TFP level.
There are two differences between Figures 4 and 5. First, in Figure 4 the elasticity of substitution is small. After the initial jump in labor mobility, capital increases and the relative productivity of poached workers decreases. Because workers are highly complementary, firms increase the number of poached workers to compensate for their lower productivity and, thus, labor mobility increases during the transition, although quantitatively by an insignificant amount. Instead, in Figure 5 the elasticity of substitution is large. Then, as the different types of worker are highly substitutable, firms decrease the number of poached workers and thus labor mobility decreases during the transition. Therefore, the same shock causes opposite transitional dynamics depending on the value of the elasticity of substitution. Second, from the comparison between these two figures, we conclude that the effects of a reduction in labor mobility costs are much greater when workers are highly substitutable. In this case, firms are more likely to replace retained workers with poached workers, thereby causing a greater increase in the long-run level of GDP. In our numerical example, the increase in GDP due to a 20% decrease in the mobility costs is by up to 12% when σ = 0.9 and only 0.09% when σ = −9. Therefore, we conclude that labor mobility costs, by causing labor misallocation, are a more relevant source of cross-country per capita GDP differences when the different types of worker are highly substitutable.
FURTHER INSIGHTS ON MOBILITY COSTS
In this section we examine labor mobility costs in greater depth by analyzing labor income taxes and labor search costs. We show that differences in either taxes or search costs can boost or even be the cause of different labor mobilities across countries. Thus, we show that even in the presence of small differences in mobility costs, different labor income taxes or labor search costs can explain large cross-country differences in labor misallocation and growth.
Labor Income Taxes
The nonarbitrage condition in the labor market implies that poached workers must be compensated for both mobility costs and the net wage they would earn if they had not moved. Therefore,
where τ ∈ (0, 1) is the labor income tax rate and n accounts for the labor mobility cost. This equation can be rewritten as w j i = w j j +m, where m = n 1−τ is the compensation of the labor mobility cost paid by the firm. Therefore, m measures the distortion introduced by labor mobility costs. Note that this distortion is increasing in the labor income tax rate. Therefore, taxes indirectly affect TFP through labor mobility.
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Assume also that government revenues are returned to consumers as a lumpsum transfer, so that there is no wealth effect. Thus, the only distortion due to taxes is via labor mobility costs. This conclusion and the analysis in this paper imply that those countries with a lower tax rate are also those countries with higher labor mobility and higher growth rates. This theoretical conclusion is supported by empirical evidence. The correlation between total tax wedge and labor mobility in the period 1994-2008 is clearly negative and significant, with a value of −0.68. Figure 6 shows that countries with low labor taxes such as the United States or the United Kingdom have high labor mobility, whereas countries with high labor taxes such as Italy, Belgium, and France have low mobility.
Labor Search Costs
We introduce labor search into our economy. Contrary to the typical search models, we have neither unemployment nor separation rates (firms that close down). (2006) and total tax wedge from OECD year 1997 (average rate in % based on two-earner married couple with two children, one earner at 100% of average earnings and the other at 33%).
Instead, we have on-the-job-search: individuals who work in a firm and who are actively searching for another job. As usual, we assume that this search is costless for workers. In line with the previous sections, we assume that there are neither mobility costs nor search costs for hiring workers from the same sector. In this environment, a firm in sector i opens a vacancy V j i when it wants to poach a worker from sector j . This vacancy has an associated cost, κ j i , and a probability of being filled, π j . This means that the number of poached workers will be a fraction 
As usual in the labor search literature, the probability of filling a vacancy π j decreases with labor market tightness. 27 This implies that a higher labor market tightness results in a higher effective vacancy cost and, as follows from the expression of m, this causes an increase in the total cost of hiring a worker. On one hand, vacancy costs increase labor mobility costs d and, thus, indirectly affect TFP growth. On the other hand, because vacancy costs are a type of mobility cost, even in the absence of these, d = 0, vacancy costs increase the hiring costs, causing misallocation of labor and, thus, directly affecting TFP growth. We conclude from this result that countries with high labor market tightness will be more strongly affected by mobility costs than countries with low market tightness and, similarly, that mobility costs will matter more in periods of high labor market tightness (economic booms) and less in recessions.
CONCLUDING REMARKS
We have considered labor mobility as one of the factors that account for differences in TFP across countries. In so doing, we have introduced learning-by-hiring into a model of learning-by-doing, so that although firms in a sector may have free and instant access to the knowledge developed within their own sector, they can only learn from other sectors by hiring external workers (learning-by-hiring). Hence, hiring decisions and, thus, worker allocation affect knowledge exploitation and, therefore, TFP. We obtain a positive relationship between growth and labor mobility, which is consistent with empirical evidence. Moreover, we find that the number of worker types affects growth, and that these effects depend on the elasticity of substitution among the types of workers. Our results reveal that, apart from the traditional decreasing returns to capital, labor mobility might act as a force driving the transition. We show that changes in mobility costs matter the most when the elasticity of substitution among the types of worker is high. Therefore, the impact of different mobility costs is especially significant when different types of workers have small complementarities. As a consequence, policies that reduce mobility costs are more effective when workers are highly substitutable. Finally, we show that differences in either labor income taxes or labor search costs can explain differences in labor mobility among countries and, therefore, in their growth rates.
Labor market regulations and the public system of unemployment benefits affect labor mobility and, thus, indirectly affect GDP. The aim of future research is to study if the different labor market regulations account for part of the differences in both labor mobility and GDP levels.
NOTES
1. See Banerjee and Moll (2010) and Restuccia and Rogerson (2013) for a comprehensive review of other recent papers that show that the misallocation of resources might explain large cross-country TFP differences.
2. The notion that mobility of individuals matters for diffusion of knowledge has been used in models with international diffusion of knowledge through cross-border flows of people [see Lucas (1993) and Andersen and Dalgaard (2011) ]. The assumption is in line with the finding in Machin et al. (2012) that labor mobility is positively related to individuals' level of education.
3. In the labor literature, Lee and Wolpin (2006) , when studying the growth of the service sector, also assume that workers are heterogeneous and not perfect substitutes. Our paper differs from theirs in two main aspects: first, their source of labor heterogeneity comes from education and work experience accumulated in each sector-occupation, whereas our labor heterogeneity comes from recent sector-specific learning-by-doing, so that in the steady state years of experience do not increase labor productivity in our setup. Second, we highlight the importance of the elasticity of substitution among the different types of worker.
4. Lee and Wolpin (2006) show that mobility costs are substantial when mobility is across sectors in the United States (between 50% and 75% of average annual earnings), whereas they are small when mobility is across firms of the same sector. An analysis of the importance of mobility costs across sectors can be found in Steger (2007) .
5. Data on labor mobility also include information on Ireland. We exclude it from the analysis, however, because its high growth rate during the studied period is explained by exceptional circumstances such as a large attraction of foreign direct investment.
6. We measure labor mobility by computing the odds of an individual changing jobs. These are computed as the percentage of individuals who changed job in a three-year spell divided by the percentage of individuals who did not change job during this period. We draw this measure multiplied by 100. We use the same measure for labor mobility in both the theoretical model and its calibration.
7. Several papers report the importance of the exchange of knowledge as an engine of innovation and growth [see Audretsch and Feldman (1996) and Almeida and Kogut (1999) ]. Many of them emphasize the importance of intersectoral rather than intrasectoral knowledge spillovers [see Glaeser et al. (1992) and Hanson (2001) ].
8. A similar intuition explains the results in Hsieh and Klenow (2009) , though they consider the elasticity of substitution between sector outputs. Similar results are also obtained by Jones (2011) , who argues that problems along a production chain can decrease output under complementarity. But, whereas he considers complementarity in intermediate inputs (elasticity of substitution smaller than 1), we consider all possible degrees of substitution/complementarity in the labor input.
9. Blanchflower and Oswald (2013) find that a high homeownership rate leads to future rises in unemployment. They identify three mechanisms through which this relationship might operate: lower levels of labor mobility, greater commuting times, and fewer new businesses in the region with higher homeownership. Our paper provides an explanation for the mechanism relating labor mobility, homeownership (which increases mobility costs), and economic performance.
10. Similarly, Restuccia and Rogerson (2008) find that setting taxes or subsidies to establishmentlevel labor affects TFP through a reallocation of resources among heterogeneous firms.
11. Lagos (2006) shows in a search model that the level of TFP depends on all the characteristics of the labor market summarized by the job-creation and job-destruction decisions. In particular, he centers on how labor market policies can affect the aggregate TFP by affecting the pool of active firms. In our paper, in contrast, search affects TFP by reallocating labor across sectors.
12. Time subscripts are suppressed to enhance readibility. 13. Arrow (1962) assumes that learning in sector i is a function of the investment made in the last period in that sector. As workers do not move across sectors, this assumption implies that the accumulated learning in a given sector coincides with the stock of capital. To make comparisons with the original paper by Arrow, we must assume that (i) firms are interested in the knowledge a worker has learned in the last period and (ii) learning is accumulated from the stock of capital. These two assumptions imply that, even with mobility across sectors, the knowledge of workers coincides with the average stock of capital in the last sector in which they have been employed. Thus, these two assumptions allow direct comparison with Arrow's original paper.
14. Thoenig and Verdier (2010) also consider knowledge as embodied in workers. However, they study knowledge management as a strategic choice of the firm.
15. Note that for a firm in sector i the potential retained workers are not only the workers of this firm but all the workers in sector i, because there are no mobility costs for them. Given that there is a continuum of firms in each sector, the hiring decisions of a firm in sector i do not affect the supply of labor with knowledge type i.
16. Mobility costs are assumed to be proportional to the wage, as they are generally related to reallocation expenses or time opportunity costs-for example, training costs, hiring costs, and search costs.
17. Note that these mobility costs would be identical to a tax on the cost of labor of the poached workers, as long as government revenues were spent on nonproductive goods.
18 19. A referee has suggested another potentially interesting case: ξ = 1, q > 0, and φ < 1. In this case, convergence is driven only by labor mobility. When σ > 0, as capital accumulates, labor mobility decreases until it converges to zero in the long run. As a consequence, the long-run equilibrium exhibits sustained growth and the long-run growth rate is equal to the one obtained in Arrow (1962) . In contrast, when σ < 0, as capital accumulates, labor mobility increases and, as a consequence, the growth rate decreases. The equilibrium converges to a steady state without sustained growth. As in the neoclassical growth model, the growth rate decreases as capital accumulates. Thus, the transitional dynamics driven by labor mobility is similar to that obtained in the neoclassical growth model, where convergence is driven by the diminishing returns to capital.
20. Note that even with zero mobility costs, there exists a finite optimal level of labor mobility [defined in (30)] because firms always want to retain some of their workers.
21. Note that the value of the parameters S and q cannot be disentangled and we can only fix Sq 1/(1−σ ) .
22. Zero mobility costs imply a mobility rate close to 27%. Figure 1 shows small differences in GDP growth between the case of zero mobility costs and the U.S. level. This analysis suggests that there is little misallocation in the United States due to mobility costs.
23. If ξ < 1 and φ ∈ (1, 1/ξ, ) then the productivity of poached workers relative to the productivity of retained workers increases as capital accumulates. Using (23) and (25), it can be shown that in this case total factor productivity rises with the capital stock because of labor mobility. As a consequence, the marginal productivity of capital exhibits a nonmonotonic relationship with the capital stock that may cause the existence of multiple steady states and complex equilibrium dynamics.
24. In the long run, investment is set to replace the existing stock of capital, because there is no capital accumulation. In a growing economy, in each period there is capital growth of about 2%. We have assumed that this amount of resources is devoted to consumption expenditures. This means that in this economy consumption expenditures are 70% of GDP plus 2% of capital growth. Given that capital is three times GDP, this amounts to 76% of GDP.
25. This is related to the results in Ortigueira and Santos (1997) , who study the speed of convergence in endogenous growth models with two sectors. They show that with the introduction of adjustment costs, the speed of convergence is reduced strongly. The level of complementarity of workers can be seen as a production constraint. Therefore, our results are consistent with those in Ortigueira and Santos (1997) .
26. Only if mobility costs were proportional to net wage would taxes not affect these costs. 27. Labor market tightness is defined as the ratio between the number of vacancies for workers of type j and the number of workers of type j that are searching for a job (on-the-job-search).
